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(57) Abstract _ 

An opaque, biaxially oriented multi-layer polymeric film structure of reduced surface coefficient of friction. The fikn struc- 
ture includes: (a) a thermoplastic polymer matrix core layer having a first surface and a second surface, within which is located a 
strata of voids; positioned at least substantially within a substantial number of the voids is at least one spherical void-mitiating 
particle which is phase distinct and incompatible with the matrix material, the void space occupied by the particle being substan- 
tially less than the volume of the void; the population of the voids in the core being such as to cause a significant degree of opaci- 
ty; (b) at least one thermoplastic polymer intermediate layer having a first surface and a second surface, the second surface of the 
intermediate layer adhering to at least the first surface of the core layer, the intermediate layer formed from a mixture conipnsmg 
the thermoplastic polymer, a migratory slip agent and a migratory antistatic agent; and (c) a non-voided thermoplastic skin layer 
adhering to the first surface of the intermediate layer; wherein the slip agent and the antistatic agent migrate to the outer surface 
of the skin layer and are effective to reduce the surface coefficient of friction thereof. 
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MUm-LAYER OPAQUE FUM STRUCTURES OF REDUCED 
SURFACE FRICTION AND PROCESS FOR PRODUCING SAME 



In the pacikaging of certain t^'pes of foods (fear exanple, snack foods 
such as potato chips and cookies) it is caramon practice to enploy a 
multi-layer film. A desirable property in such a packaging film is an 
opacity v4iich protects the packaged product f rem deterioration ca u sed 
by ei^xasure to li^t. It has been found that certain wavelengths of 
5 li^t \Bp to about 450 nm cause increased spoilage in such pacQcaged 
products. Even vdien a degree of opacity is present in the film, 
spoilage occurs if the film allows passage of scanne li^t. 

It is Jcnown in the art that thermoplastic polymers can be loaded with 
10 opacifying fillers; cast into films; and thereafter stretched to form 
oriented thermoplastic films. 



It is also known that polym^ic film structures coirprising a cavitated 
core containing numerous voids provide a much hi^er degree of 
15 opacity, possibly due to the effects of li^t scattering, than is 
possible from the use of opacifying fillers alone; and that such film 
structures may be used In food packaging. 

Despite significant advances in the art, many films prove to be 
20 somesiAiat fragile in certain end-use applications. VJhile hi^ily 
cavitated or voided films are ideally suited for certain applications 
such as overwrapping biscuits, in other applications such as those 
employing Vertical Form Fill and Seal (VFFS) packaging machinery, as 
well as some vdiich eiiploy Horizontal Form Fill and Seal (HFFS) 
25 machinery, the forming collars of the nachine often damage or shear 
the package being formed and filled. In addition, films converted 
into packages vAiich are filled with both product and air, so as to 
provide an air cushion for product protection, often benefit from the 
use of a less fragile film. However certain means en^Jloyed to provide 
30 a less fragile voided film can reduce the film's pleasing aesthetic 
appearance or may change the ability of the film to inhibit the 
transmission of li^t therethrou^. 



BNSOOCID: <WO 9304e80A 1 



SUBSTITUTE SHEET 



wo 93/04860 



PCT/EP92/02074 



Therefcare, \*iat. is needed is a less fragile, opaque film struc±ure 
vdiidi provides an inproved range of process operability/ vdiile 
maintaining its appearance, strength and stiffness. Diis invention 
seeks to provide such a film. 
5 ' " 

According to the present invention, there is provided an opaque, 
biaxially oriented, polymeric film structure viiich vuitt- i <s^'s. at least 
three layers, there being : 

(a) a voided core layer conprising a matrix of (i) a 
10 thermoplastic polymeric material in which are dispersed (ii) 

void-initiating solid particles vAiich are phase-distinct from the 
thermcplastic polymeric material of the matrix and ahnut which 
particles are located opacifying voids; 

(b) a iran-voided layer con^srising a thermoplastic polymeric 
15 material adherent to one side of the core layer (a) ; and a third layer 

vdiich may either be : 

(b') a layer ccmoprising a thermoplastic polymeric matgrial and 
adherent to the other side of the core layer (a) ; or may be : 

(c) a sJcin layer oonprising a thermoplastic polymeric material 
20 and adherent to intermediate layer b) , the ^cin layer being thick 

enough to prevent the a^)erities of the core layer from being 

manifest; 

and vdierein: 

1) (a) CQiiip rises a li^t absorbing lamellar pignent; and/or 

25 2) where the third layer is (c) , ' (b) conprises a migratory 

slip agent and a migratory antistatic agent. 

Ac co rding to one aspect, the film structure of the present invention 
is an an opaque, biaxially oriented polymeric film structure produced 

30 by orienting the film to a degree vAiich provides low li^t 
transmission and iiproved machinability. Die film structure includes 
(a) a thermoplastic polymer matrix core layer having a first surface 
and a second surface, within vAiich is located a strata of voids; 
positioned at least svibstantially within a substantial nun±3er of the 

35 voids is at least one sifflierical void-initiating particle vSiich is 
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phase distinct and incxmpatible with the matrix material, the void 
space ooci;^3ied by the particle being substantially less than the 
volxjme of the void, the population of the voids in the core being such 
as to cavise a significant degree of opacity, the core layer including 

5 a li^t absorbing pigment of lamellar morpihology, (b) a first 
non-voided thermoplastic polynver intermediate layer having a first 
surface and a second surface, the second surface of the first 
xntennediate layer adhering to the first surface of the core layer, 
and (b') a second non-voided thermoplastic polymer intermediate layer 

10 having a first surface and a second surface, the second surface of the 
second intermediate layer adhering to the second surface of the core 
layer, vSierein the level of li^t transmission of the film is less 
than 10% and the degree of orientation is about 8 TDO by less than 
about 5 MDO. 

15 

More preferred is a five-layer film structure, incorporating the 
above-described (a), (b) and (b') layers, and further including (c) a 
first non-voided thermoplastic skin layer adhering to said first 
surface of said first intermediate layer; and (c') a second non-voided 
20 thermoplastic skin layer adhering to said first surface of said second 
intermediate layer, the void-free skin layers being of a tliickness 
such that the outer surface of the skin layers do not, at least 
substantially, manifest the surface ixregularities of the itatrix cxsre 
layer. 

25 

Also provided is a process for preparing an opaque, biaxially oriented 
polymeric film structure of lew li^t transmission and inproved 
machinability, cortprising the steps of: (a) mixing a major proportion 
of a first thermqplcistic polymeric material with a minor prcpartion of 

30 a first material of hi^er melting point or having a hi^er glass 
transition temperature than the first thermoplastic polymeric material 
to produce a core layer mixture arid a minor amount of a li^t 
absorfaing pigment of lamellar morphology; (b) heating the core layer 
mixture produced in step (a) to a tenperature of at least above the 

35 melting point of the first thermoplastic polymeric material; (c) 
dispersing the first material of hi^er melting point or higher glass 
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transition tenperature of the mixture produced in st^ (a) xmifonnly 
throu^KJUt the molten first thermoplastic polymeric material in the 
taaa of microspheres; (d) mixing a second thermoplastic polymeric 
material to produce a first intermed iat e layer mixture; (e) heating 

5 the intermediate layer mixture produced in st^ (d) to a tenoperature 
of about the melting point of the second thermoplastic polymeric 
material; (f) mixing a third thermoplastic polymeric material to 
produce a second intermediate layer mixture; (g) heating the second 
intermediate layer mixture produced in step (f ) to a temperature of 

10 about the melting point of the second thermoplastic polymeric 
material; and (h) forming a biaxially oriented ooextruded film 
structure from the core layer mixture, the first intermediate layer 
mixture and the second intermediate layer mixture, the forming step 
txjnducted at a tenperature and to a degree to form a strata of 

15 cpacifying voids within the core layer; vdierein the degree of 
orientation is about 8 TDO by less than about 5 MEX). 

iiccording to another aspect, the film structure of the present 
invention is an an opaque, biaxially oriented polymeric film structure 

20 of reduced surface coefficient of friction. T3ie film structure 
includes: (a) a thermcplastic polymer matrix core layer having a first 
surface and a second surface, vdthin viiich is located a strata of 
voids; positioned at least substantially within a substantial number 
of the voids is at least one spherical void-initiating particle vAiich 

25 is phase distinct and inconpatible with the matrix material, the void 
^ace occi5)ied by the particle being substantially less than the 
voluma of the void, with one generally cross-sectional dimension of 
the particle at least approximating a corresponding cross-sectional 
dimension of the void; the population of the voids in the core being 

30 such as to cause a significant degree of opacity; (b) at least one 
thermoplastic polymer intermediate layer having a first surface and a 
second surface, the second surface of the intermediate layer adhering 
to at least the first surface of the core layer, the intermediate 
layer formed from a mixture coirprising the thermoplastic polymer, a 

35 migratory slip agent and a migratory antistatic agent; and (c) a 
non-voided thermoplastic skin layer adhering to the first surface of 
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the intermediate layer, the void-free sJcin layer and the intermediate 
layer together being of a thictaiess such that the outer surface of the 
skin core layer does not, at least substantially, manifest the surfacse 
irregularities of the matrix core layer; vAierein the slip agent and 
5 the antistatic agent migrate to the outer surface of the skin layer 
and are effective to reduce the surface coefficient of friction 
thereof. 

More preferred is a five-layer film struc±ure, incorporating the 
10 above-described (a), (b) and (c) layers, and further including (b') a 
second thermoplastic polymer intermediate layer having a first surface 
and a second surface, the second surface of the second intentediate 
layer adhering to the second surface of the core layer, the second 
intermediate layer formed from a mixture conprising the thermoplastic 
15 polymer, a migratory slip agent and a migratory antistatic agent; and 
(c') a second non-voided thermoplastic skin layer adhering to the 
fiirst surface of the intermediate layer, the second void-free skin 
layer being of a thicOoiess such that the outer surface of the skin 
core layer does not, at least substantially, manifest the surface 
20 irregiilarities of the matrix core layer vAierein the slip agent and the 
antistatic agent migrate to the outer surfaces of each skin layer and 
are effective to reduce the surface coefficient of friction of each 
surface. 

25 In either errbodiment, the skin layers (c) and/or (c') can be siinple, 
economical thin encapsulating layers or they can be mare elaborate 
heat scalable layers. 

Also provided is a process for preparing an opaque, biaxially oriented 
30 polymeric film structure, conprising the steps of: (a) mixing a major 
* proportion of a first thermoplastic polymeric material with a minor 

proportion of a first material of higher melting point or having a 
hi^er glass transition tenperature than the first thermoplastic 
polymeric itaterial to produce a core layer mixture; (b) heating the 
35 core layer mixture produced in step (a) to a tenperature of at least 
above the melting point of the first thermoplastic polymeric material; 
(c) dispersing the first material of hi^er melting point or hi^er 
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glass txansition tanpesrature of the mixtxire produced in step (a) 
uniformly throu^out the molten first thermoplastic polymeric material 
in the form of microsEAieres; (d) mixing a second thermoplastic 
polymaric material with a migratory slip agent and a migratory 

5 antistatic agent to produce an intermediate layer ndxture; (e) heating 
the intermediate layer ndxture produced in step (d) to a teitperature 
of about the melting point of the second thermoplastic polymeric 
material; (f) paroducing a thermoplastic skin layer mixture; (g) 
forming a biaxially oriented coextruded film structure from the core 

10 layer mixture, the intermediate layer mixture and the skin layer 
mixture, the forming step oon3ucted at a tanperature and to a degree 
to form a strata of opacifying voids within the core layer; •viierein 
the thermoplastic skin layer in combination with the inteimediate 
layer are of a thickness such that the outer surface of the matrix 

15 core layer does not, at least substantially^ manifest surface 
irregularities of the matrix core layer; and (h) aging the film 
structure produced in step (g) for a period of time sufficient to 
permit the migration of an effective amount of the migratory slip 
agent and the migratory antistatic agent so that surface coefficient 

20 of firiction is reduced. 

In the drawings: 

Fig. 1 is a schematic diagram of a method for determining percent 
25 li^t transmission. 

Fig. 2 is a schematic diagram of a method for determining percent 
opacity. 

30 In order to achieve the unique film structure of the present 
invention, it is important that a particular thicikness relationship 
exist between the thickness dimension of the core and the thickness of 
the skin layers. It is preferred that the core thickness be from 60 
to 95% of the overall structure with about 65-90% preferred. This in 

35 combination with the population and configuration of the voids 
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in a total stnacture at least about 1.0 mil thick: , will materially 
cxantribute to the overall degree of opacity of the structure. 
Likewise, by maintaining the thickness of the skin layers within 
particular ranges in relation to the overall structure and to the 

5 thicQaiess of the core layer, the overall combination results in unique 
advantages. Intermediate layer (b), adhering to the first surface of 
core layer (a) and, v4ien present, intermediate layer (b') adhering to 
the second surface of core layer (aj each have a thickness of f rom 
5 to 30% of the overall structure, with a thickness of 5 to 15% 

10 preferred. Intermediate layer (b) and, when present, (b') are farmed 
from a thermoplastic polymer and either or both may include a 
migratory slip agent and a migratory antistatic agent, as will be 
described in more detail hereinbelow. once the multi-layer structure 
of the present invention is formed, the slip and antistatic agents 

15 migrate to the outer surface of skin layer (c) and/ or (C) to reduce 
the surface coefficients of friction thereof. The intermediate layer 
serves an inportcint function in reducing water vapor transmission rate 
(WVTR) and may also contain Ti02 as a contact vAiitening agent. Skin 
layers (c) and (C), v*iich, vftien present, are preferably Ti02-free, 

20 adhering to the surfaces of the intermediate layers not in contact 
with the core layer, have thicknesses from 0.10% to 5.0% of the 
overall structure with thicknesses from 0.20% to 3.0% preferred. The 
relative thinness of this layer adds to economy in production 
especially vAien the layer is an expensive heat-sealable material. A 

25 preferred five-layer structure mi^t include, for exairple, a core 
layer with a thickness of about 79% of the overall structure with 
\y^v\jLmw'>^ intermediate layer (b) and (b') having thicknesses of about 8% each 
and skin layers (c) and (c') having thicknesses of about 2.5% each. 

30 The core is a thermoplastic polymer matrix material within v^ch is 
located strata of voids. From this it is to be understood that the 
voids create the matrix configuration. 

Ihe films of the present invention have hi^ opacity and low li^t 
35 transmission. A distinction should be made between opacity and li^t 
transmission. Opacity is the opposite of transparency and is a 
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func±ion of the scattering and reflection of li^t transmitted throu^ 
the film. Opacity is the ability, for exaitple, to block out writing 
below it. T.ighti transmission is a function of li^t passing xoore 
directly throu^ the film. 

5 

Eeferrii>g now to Figure 1, the percent li(^t transmission through a 
film is deteraadned by using li^t source 2 to transmit li^t rays 3 
directly throu^ film 4 and measuring at li^t sensor 5, value 1^ 
vdiich is the aitoimt of li^t vdiich is transmitted throu^ film 4. HhB 
10 amount of li^t rays 3 vdiich can be directly transmitted, value T^, is 
determined by measuring the licjit 3 directly transmitted by li^t 
source 2 with no intervening film. The percent li^t transmission 
throu^ the film can then be determined using the formula: 

15 ^2 



20 



% Li^t Transmission = 



^1 



viiere: = li^t transmitted throu^ a film; and 
li^t directly transmitted. 



Referring now to Figure 2, for a measure of percent opacity of a film, 
lig ht source 2 transmits li^t through film 4 onto a white surface 9 

25 and the same procedure used to project lic^t onto a black surface 10. 
With both vihite and black surfaces, measurement at li^t sensor 5 is 
of all of the following: _ li^t reflected off the i^jper surface of the 
film 6; li^t transmitted throu^ the film and reflected by the viiite 
or black surfaces 7 on the side of the film opposite from the li^t 

30 source; and, li^t scattered by the film 8. 

•Die percent opacity of the film can then be determined using the 
formula: 



35 
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% Opacity = 100 X 

5 

viiere: = Reflected lii^t + scattered li^t + light 
transmitted throu^ the film and reflected off a vAiite surface; 
10 and Eg = Reflected li^t + scattered lii^t + li^t transmitted 
through the film and reflected off a black surface. 

Accordingly, a hi^ily reflective film may provide hi(^ opacity while 
15 allowing li^t transandssion. Uiis is because percent lic^it 
transmission is not the equivalent of percent opacity. Li^it 
transmission is the amount of li^t passing directly throu^ the film. 
It) prevent food spoilage decreased li^t transmission is desirable - 

20 In forming the core layer, as in U. S. Patent No. 4,377,616, a roaster 
batch technique can be enployed by either in the case of forming the 
void initiating particles in situ or in adding preformed spheres to a 
molten thermoplastic matrix material. After the formation of a m aste r 
batch, appropriate dilution of the system can be itade by adding 

25 additional thermoplastic matrix material until the desired proportions 
are obtained. However, the coitponents may also be directly mixed and 
extruded instead of utilizing a master batch method. 

Ihe void-initiating particles vAiich are added as filler to the polymer 
30 matrix material of the core layer can be any suitable organic or 
inorganic material vAiich is inccnpatible with the core material at the 
tenperature of biaxial orientation such as polybutylene terephthalate, 
nylon, solid or hollow preformed glass spheres, metal beads 'or 
spheres, ceramic spheres, calcium carbonate, etc. 

35 
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Uie polyolef in cnntenplated as the core mate r ial inclxides 
polypropylene, polyethylene, polybutene and cxapolymers and blencSs 
thereof. Particularly preferred is an isotactic polypropylene 
containing at least about 80% by weicfit of isotactic polypropylene. 
5 It is also preferred that the polypropylene have a melt flow index of 
frcan about 2 to 10 g/io min. 

It is preferred that the average diameter of the void-initia t ing 
particles be from 0.1 to 10 microns- These particles may be of any 

10 desired shape althou^ it is preferred that they be substantially 
spherical in shape. Ihis does not mean that every void is the same 
size. It means that, generally speaking, eacii void tftndi=t to be of 
like shape vdien like particles are used even thou^ they vary in 
dimensions. Hiese voids may assume a shape defined ty two apposed and 

15 edge contacting concave disks. 

As indicated above, the matrix polymer and the void initiating 
particle must be incoijcpatible and this term is used in the sense that 
the materials are two distinct phases. Bie spherical void initi at i n g 
20 particles constitute a dispersed phase throughout the Icwer melting 
polymer viiich polymer will, ultimately, upon orientation, became a 
void-filled matrix with, the spherical particles positioned samsndiere 
in the voids. 

25 As a result of the biaxial orientation of the film structure herein, 
in addition to opacifying the core layer of the structure, the 
orientation inproves oti^r physical properties of the cuiuposite layers 
such as flex-crack resistance, Elroendorff tear strength, elongation, 
tensile strength, impact strength and cold strength prc^serties. Ihe 

30 resulting film can have, in addition to a rich hi^ quality appearance 
and excellent opacifying characteristics, low water vapor transmission 
rate characteristics and low oxygen transmission rate characteristics. 
This makes the film ideally suited for packaging food products 
incliading liquids. The film also has attractive utility as a 

35 decorative wrap material. 
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-li- 
lt is believed that because of ccmtparative sphericity of the 
void-initiatir*g particles, the voids are closed cells. This means 
that there is virtually no path open from one side of the core the 
other throuf^iaut which liquid or gas can transverse. 

5 

HiB opacity and low lic^t transmission of the film may be further 
enhanced by the addition to the core layer of from about 1% by wei^it 
and xsp to about 10% by wei^t of opacifying coirpounds, vAiich are added 
to the melt mixture of the core layer before extrusion. Opacifying 
10 ccBtpouncas \«4iich may be used include iron oxides, carbon black, 
aluminum, Ti02, and talc. The opacifying compouncas do not oontribute 
to void formation. 

Preferred for use in the core layer are pigment particles of a 

15 lamellar morphology. Hie pigment particles of lamellar morphology 
(lamellar pigment) may comprise an organic pigment, preferably 
graphite, or an inorganic pigment, such as a silicate, preferably a 
silicate viiich has a pronounced tendency to cleave in one preferred 
planar direction, for exanple, a mica. Graphite is a particula r ly 

20 preferred lamellar pigment. Ihe lamellar pigment should have an 
average particle size vdiich, of itself, is insufficient to cause 
voiding of the matrix; this vdll depend on the nature of the matrix 
and the processing conditions, especially deformation teirperature and 
the amount of the pignent in the matrix. The term "voiding of the 

25 matrix" as used herein designates creating a space within the matrix. 
However, good results are obtained viien the lamellar pigment has an 
average particle size from 0.2 to 2.0 microraeters, preferably from 0.5 
to 1.0 micrometers. The lamellar pigment may be present in an amovint 
from 0.2 to 12 vrt:. %, suitably from 0.5 to 5.0 vrt:. % of the film, 

30 preferably from 1.0 to 2.0 vrt:. % of the film. 

The polyolef in contenplated as the material for use in forming 
intermediate layers (b) and (b') includes polypropylene, 'polyethylene, 
polybutene and copolymers and blends thereof. As was the case for the 

35 
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cair& layer, particularly preferred is an isotactic polypropylene 
containing at least atx>ut 80% by weight of isotactic polypropylene. 
It is also preferred that the polypropylene have a melt flew index of 
f rcm alx3ut 2 to 10 g/lOm. 

5 

TO adiieve the desired characteristic of reduced coefficient of 
friction at the surface of the sfcLn layer or layers, it has been 
discovered that the use of certain slip agents in conjunction vd.th 
certain antistatic agents in the intermediate layer, vAien each such 

10 agent possesses migratory prc^jerties, will reduce the coefficient of 
friction at the surface of the skin layer or layers, vdien sufficient 
aging time is provided to permit the combination of agents to migrate 
to the outer surfaces of the film. By "migratory" is meant the 
property or trait of bleeding throu^ the polymeric matrices of the 

15 intermediate and skin layers so at least an effective amount of the 
agents reside on the surface of the skin layer to reduce the surface 
coefficient of friction thereof. 

While a variety of migratory antistatic agents are available 
20 caramercially, preferred for use in the practice of the present 
invention is the grotp of ethoi^rlated amines and ethojq^lated aiidxJes. 
Ethoylated amines are .available from the Humco Chemical Division of 
Mhitco Chemical Corp. under the trademark of Kemamine, from the Noury 
Chemical Conpany under the trademark of Armostat and from other 
25 sources. Ethoxylated amides are available from Akzo Qiemie America 
under the trademark of Ethmid, from the Qxynol Chemical Conpany under 
the tradenarfc of Qxynol and from other sources. Particularly 
preferred for their migratory properties is the groi?) of ethoxylated 
amines. 

30 

Likewise, a wide variety of migratory slip agents are available 
caramercially, some of vMch are disclosed in U. S. Patent No. 
4,510,281, the contents of vAiich are hereby incorporated by reference 
for those details. Preferred for use in the practice of the present 
35 invention is the groi?) of caramercially available amine- and 
amide-based slip agents, with erucamide being most particularly 
preferred. 
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Bie range of antistatic agent levels useful in the practice of the 
present invention is from about 500 ppm to aJx)Ut 2000 ppn of the 
intenosdiate layer mixture v*ien a film is produced according to the 
ratio of materials and layer thickness described herein, with about 

5 1000 ppca to about 1500 ppn being particularly preferred. It is 
irportant to note that vAien the multi-layer films of the present 
invention are to cosne in contact with foods, governmental regulatory 
agencies generally limit the amount of additives materials viiich can 
be employed therein. For exairple, amine- and amide-based antistatic 

10 materials are limited to approximately 1200 ppm of the intermediate 
layer mixture vAoen a film is produced according to the ratio of 
materials and layer thickness described herein. Nevertheless, this 
limitation does not inhibit the ability of the agent to cooperate with 
the migratory slip agent to yield the beneficial prqperties ascribed 

15 thereto. Ihe range of slip agent levels xaseful in the practice of the 
present invention is from about 200 ppm to about 2000 ppm of the 
intermediate layer mixture viien a film is produced according to the 
ratio of materials and layer thickness described herein, with about 
800 ppm to about 1500 ppm being particularly preferred. For exaitple, 

20 v*ien seeking to form a 0.8 mil thickness multi-layer structure, in 
accordance with the present invention, about 1500 ppn of erucamide is 
required. When forming, a 1.6 mil thickness structure, about 800 ppn 
of erucamide is required. Amine- and amide -b ased slip agents, such as 
the most particularly preferred agent, erucamide, are permitted by 

25 governmental regulatory agencies to be present at significantly hi^er 
levels than necessary to perform the function intended by the present 
invention. 

It has been discovered that the combined use of a migratory antistatic 
30 agent with a migratory slip agent results in a synergistic reduction 
in the coefficient of friction. It is thought that this occurs due to 
the fact that a film having poor slip characteristics will tend to 
generate emd store more static charges and a film having a hi^ level 
of stored static charge will tend to cling more to any surface with 
35 viiich it comes in contact with, thus eudiibiting a hi^er coefficient 
of friction. 
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Moreover, it has been discovered that the plaoement of the migratory 
slip agent and the migratory antistatic agent in the intermediate 
layers (b) ani/ar (b') pi^oduces a much hic^ier level of effectiveness 
than can be achieved throu^ their placement within the core layer (a) 

5 or the siJcin layers (c) and/or (c')- With regard to the placanent of 
the agents in the core layer, this is due to the fact that the 
migratory slip agent and the migratory antistatic agent will tend to 
cling to the interior surfaces of the voicJs formed within the core 
layer. With regard to the placement of the agents in the skin layer 

10 or layers, it is the volatile nature of the agents themselves vAiich 
tend to limit their effectiveness. As described herein, the 
tenperatures required to form the multi-layer structures of the 
present invention will tend to "boil" away the agents, inhibiting 
their ability to function as intended. 

15 

Die opacity, viiiteness and low li^t transmission of the film may be 
further enhanced by the addition to intermediate layers (b) and (b') 
of TiO^ in amount of frcm about 1% by wei^t and v^> to about 10% by 
wei^t, viiidi is added to the melt mixture of the intermediate layer 

20 before extrusion. Preferably, the intermediate layers contain frcsn 
about 2%~by wei^t to 6% by wei^t of Ti02. Aaditionally, the 
intermediate layers may. also contain talc. The v*aiteness resulting 
f rom the inclusion of Ti02 provides an excellent surface for graphics. 
Furthermore, the \Aiiteness allows printing of laminated or unlaminated 

25 structures without requiring viiite ink. 

layers (c) and (C ) , v4iere present, are thin skin layers applied to 
the surfaces of intermediate layers (b) and, vrtiere present, (b') vAiidi 
are not in contact with the core layer (a). Layers (c) and (c*) are 

30 preferably of a material having a low WVTR. This layer may consist of 
a propylene; hi^ density polyethylene; linear low density 
polyethylene; block copolymer of ethylene and propylene; random 
ccpolyn^ of ethylene and propylene; other ethylene horoopolymer, 
cppolyroer, terpolymer; or blends thereof. The hconqpolymer 

35 contenplated herein is farmed by polymerizing the respective monamer. 
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This can be aaccnplished by bulk or solution polymerization, as those 
skilled in the art would plainly \anderstand. One of the preferred 
materials for layers (c) and/or (C) is isotactic polypropylene, sacin 
layers (c) and (c') are of a thicQoiess sufficient to encapsulate the 

5 inteonediate layers, aixi, vdien Ti02 is eitployed in intermediate layers 
(b) and (b'), the desired effect of reduced processing machinery wear 
problems associated with Ti02-containing outer layers is achieved. 
Moreover, the ccmbination of intermediate layer (b) and skin layer (c) 
and intermediate layer (b*) and skin layer (c') provide a thickness 

10 suc±i that the outer surface of each skin layer does not, at least 
substantially, manifest the surface irregularities of the matrix core 
layer (a) . 

Uie copolymer conteitplated herein for skin layers (c) and/or (c') can 

15 be selected frcm those copolymers typically enplqyed in the 
manufacture of multi-layered films. For exanple, a block copolymer of 
ethylene and propylene is formed by sequential polymerization of the 
respective monomers. Hie feeding of the monomers in forming a block 
copolymer is controlled so that the monomer enployed in one stage of 

20 the sequential polymerization is not added until the monomer employed 
in the preceding stage has been at least substantially consumed 
theretiy insuring that the concentration of the monomer remaining 
from the preceding stage is sufficiently low to prevent formation 
of an excessive proportion of random copolymer. Also, as 

25 indicated above, a random copolymer of ethylene and propylene can 
be advantageously enployed to form skin layers (c) and/or (c'). 
Hie contemplated terpolyroers vAiich may be used for skin layers (c) 
and/or (C), vftiere present, are ccontparatively low stereoregular 
polyinssrs. Ihe terpolymers can have a melt flow rate at 446*^ ranging 

30 from 2 to 10 grams per 10 minutes and preferably from 4 to 6 grams per 
10 minutes. The crystalline melting point can range from less than 
250"? to somevAiat greater than 371°F. Ihe terpolymers will 
predominate in propylene, and the ethylene and 1-butene monomers can 
be present in approximately from 0.3:1- 1:1 mole percentage in 

35 relation to each other. 



SUBSTITUTE SHEET 

9304860A1 I > 



wo 93/04860 



PCr/EP92/02074 



- 16 - 

If desired, the exposed surface of skin layers (c) and/or (c') can be 
txeated in a known and conventional manner, for exaitple, by oorona 
discharge to improve its rec^itivity to printing inks and/or its 
suitatoility for such subsequent manufacturing operations as 
5 lamination. 

Hie exposed treated or ixntreated surface of layers (c) and/or (c') may 
have applied to it, coating conpositiohs or substrates such as another 
polyrosr film or laminate; a metal foil such as aluniinum foil; 

10 celliiLosic webs, for exanple, nunverous varieti e s of paper such as 
corrugated paperboard, craft paper, glassine, cartonboard; nonwoven 
tissue, for exanple, spunbonded polyolefin fiber and melt-blcwn 
microfibers. The application may enploy a suitable adhesive, for 
exanple, a hot melt adhesive such as low density polyethylene, 

15 ethylene-methacrylate o^xalymer, water-based adhesive sucih as 
polyvinylidene chloride lat^. 

Layers (c) and/or (c') may also include tqp to 1% by wei^t, with 500 
ppn to 5000 ppm preferred and 1000 ppm most preferred, of inorganic 
20 particles, such as amorphous silica or talc to provide antiblodk 
properties. 

Skin layers (c) and/or (C) can also be fabricated from ary of the 
heat sealable copolymers, blends of homopolyroers and blends of 

25 copolymer (s) and hamopolyn^Cs) heretofore employed for this purpose. 
Illustrative of heat sealable copolymers vfcLch can be used in the 
present invention are ethylene-propylene copolymers containing fnara 
1.5 to 10, and preferably from 3 to 5 wei^t percent ethylene and 
ethylene- prqpylene-butene terpolymers containing from 1 to 10, and 

30 preferably from 2 to 6 wei^t percent ethylene and frcm 80 to 97, and 
preferably from 88 to 95 wei^t percent propylene. Heat sealable 
blends of homqpolymer vAiich can be utilized in providing layers (c) 
and/or (c) include frcan 1 to 99 wei^t percent polypropylene 
hamspolymar, for exairple, one vdiich is the same as, or different from, 

35 the polypropylene horropolymer constituting core layer (a) blended with 
from 99 to 1 wei^t percent of a linear low density polyethylene 



SUBSTITUTE SHEET 

BNSDCCID: <WO 9304aaOA1J_> 



wo 93/04860 



PCr/EP92/02074 



- 17 - 

(IDPE) . If layers (c) and/or (c') are heat-sealable, corona or flame 
treatmen't of layers (c) and/or (c') is not required. 

Heat sealable blends of c3opolymer(s) and hainopolymer(s) suitable for 
5 providing layers (c) arid/or (c') include: a blend of froro 5 to 19 
wei^t percent of polybul^lene and from 95 to 81 wei^t percent of a 
copolymer of propylene (80 to 95 mole percent) and butylene (20 to 
5 mole percent) ; a blend of from' 10 to 90 wei^t percent of 
polybutylene and frcm 90 to 10 wei^t percent of a cqpolyroer of 
10 ethylene (2 to 49 mole percent) and a hi^ier olefin having 4 or more 
carbon atoms (98 to 51 mole percent) ; a blend of from 10 to 90 wei^t 
percent polybutylene and from 90 to 10 wei^t percent of a copolymer 
of ethylene (10 to 97 mole percent) and propylene (90 to 3 mole 
percent) ; and, a blend of from 90 to 10 wei^t percent of 
15 polybutylene, and from 10 to 90 wei^t percent of a copolymer of 
propylene (2 to 79 mole percent) and butylene (98 to 21 mole percent) . 

If skin layers (c) and/ or (c') are not heat sealable, and that 
property is desired on one or both of those surfaces, then a heat 

20 sealable layer (d) may be applied to one or both of those surfaces. 
Heat sealable layer (d) may be, for example, vinylidene chloride 
polymer or an acrylic polymer; or it may be coextruded from any of the 
heat sealable materials described herein. Vinylidene chloride polymer 
or acrylic polymer coatings are preferred materials which may be 

25 applied to the exposed exterior surfaces of the skin layers. 

It is preferred that all layers of the multi-layer film structures of 
the present invention be coextruded. Thereafter, the film is 
biaxially oriented. For exaiiple, vAien enploying polypropylene for the 
30 core matrix and the skin layers and enploying PBT as the void 
initiating particles, a machine direction orientation may be from 
4 to 8 and a transverse orientation may be from 4 to 10 times at a 
drawing tenperatiire of lOO^C to 170''C to yield a biaxially oriented 
film. A preferred film thickness is from 0.5 mil to 3.5 mils. 

35 
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Whiteness and qpacity is created in the structures of the present 
invention by biaxially orienting first in the machine direction (MDO) 
and subsequently in the transverse direction (TDO) . As indicated, in 
the orientation process the stretching force causes the thentioplastic 
5 polymer to part around the finely dispersed void-initiating particles 
and fcom oval shaped cavities or microvoids, si^jported by the 
particles. The vAiiteness and opacity of the resulting cavitated film 
deper^ on the following factors: 

— Polymer voli:ime, i.e., polygage 
10 - core and skin ratios 

— Core coHEJOsition 

— The degree of cavitation as indicated by the film 
density g/cc as calculated by dividing the weicfit 
of one square metesr by the optical gage (fj.) 

15 

The hi^er the cavitation, that is the lower the film density, a 
viiiter ana uore opaque film results; the lower the degree of 
cavitation, the lower the whiteness eind opacity. Yet another way 
to increase the opacity of the cavitated film is to add pigment 
20 cpacifiers such as iron oxide, and as is more preferred, by xasing 
a Imf^l 1 ^"^ structure pigment, such as lamellar graphite. 

As indicated, scsnte applications, such as VEFS pacikaging machines and 
scBue HFES packaging machines require hic^ier density films that will 

25 pass over the forming collars of the maciiine without damage due to 
film crazing or shearing of the package. It has been discovered that 
this can be achieved by reducing the cavitation. To retain the film's 
pleasing aesthetic appearance, reducing the cavitation requires 
reducing the pigment volimve as well, \iSu.ch results in loss of opacity 

30 ana an increase of li^t transmission. loss of \diiteness producing 
cavitation can be offset by the lise of TiO^ in the intermediate and/or 
skin layers of the structure each can^arising 10% by wei^t of the 
total structure. 



35 
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As indicated above, films vJiich eaiploy titanium dioxide-viiitened outer 
skin layers do prcjvide csertain desirable benefits, particularly frcan 
an appearance stanc^int. Hcwever, such films can also yield certain 
undesirable diaracteristics. Tliese undesirable characteristics stem 

5 from the fact that titanium dioxide (Ti02) is quite abrasive and, in 
fact, possess a hardness greater than even the chrame plating found on 
gravure rolls. Uiis can result in excessive wear of es^aensive 
printing and coating gravure roll siirfaces, as well cis any other 
surface vdiich is contacted by such a film. Other problems v*iich arise 

10 from the \ise of Ti02 in the outer skin layers of suc±i films is that 
fine deposits are laid on converting itiadhinery, extruder die lips, 
treater bar eidiausts, etc. Also, appearance problems caused by 
streaks on the film, slippage on stretching either by roll cr 
tentering can result. Hie films jaroduced in accordance with the 

15 present invention avoid the problems of films having titanium 
dioxide-^wiiitened outer skin layers throu^ the encapsulation of a 
titanium dioxide-viiitened intermediate layer with a thin, titanium 
dioxide-free, non-voided thermoplastic skin layer. 

20 The following Exairples illustrate the invention. 

■ OCMPARAITVE EXAMPLE 1 
A mixture of 92 percent by wei^t isotactic polypropylene (MP = 
320°F., melt index = 3), containing 8 percent by wei^t PBT (MP = 

25 440°F.) as the core layer void-initiating material, is melted in em 
extruder with a screw of L/D ratio of 20/1 to provide the core layer 
mixture. A second and third extruder, in association with the first 
extruder, are each st^plied with the same isotactic polypropylene 
(without PBT) as the first extruder, but each containing titanium 

30 dioxide particles at 4 percent by wei^t. The titanium dioxide 
particles are employed as a contact vdiitener for th.ls intermediate 
layer mixture. A fourth extruder, in association with the first three 
extruders, is siqplied with the same isotactic polypropylene/titanium 
dioxide as the second extruder, this extruder being vised to provide 

35 the skin layer mixture. A melt coextnosion is carried out vioile 
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roaintaining the cylinder of the ccore polymer material at a teirperature 
sufficient to melt the polymer mixture, i.e. , from 450°F. to 550°F. 
Hie. polypropylene misctxore of the second and third extruders to be 
extxuded as intermediate layers is maintained at about the same 

5 tenperature as the polypropylene used in fabricating the core layer, 
as is the mixture being" used to form the skin layers. Bie mixture of 
the fourth extruder is split into two streams to enable the formation 
of sikin layers on each surface of the intermediate layers. A 
five-layer film laminate was coextruded vdth a core thickness 

10 representing about 80 percent of the overall extruded thickness, with 
the thicknesses of the intermediate layers representing about 16 
percent and the skin layers representing about 4 percent of the film 
thickness. Hie unoriented film neasured about 40 mils in thick n ess. 
Ihe resultant film was subsequently oriented ei^t by five and 

15 one-half t im p-q using a ccaranercially available sequential biaxially 
orienting apparatus to provide a inulti— layer film structure. Ihe 
machine direction (MD) orientation is conducted at about 285°F. and 
the transverse direction (ID) orientation is conducted at about 300 F. 
Uie resultant 1.3 mil multi-layer film exhibits a lustrous appearance. 

20 

CTMPARATIVE EXAMPLE 2 
^e film conposition, and its production , was as in Ooirparative 
Exanple 1 except that the skin layer irdxture did not contain titanium 
- dioxide. 

25 

A five-layer film laminate wsis coextruded with a core thickness 
representing about 80 percent of the overall extruded thickness, with 
the thicknesses of the intermsdiate layers representing about 16 
percent and the skin layers representing about 4 percent of the film 

30 thicQcness. Hie unoriented film measured about 40 mils in thickness. 
As in Exanple 1, the resultant film was oriented ei^it by five and 
one-half tines using a caonmercially available sequential biaxially 
orienting apparatus to provide a multi-layer film structure. Bie 
machine direction (MD) orientation is conducted at about 285°F. and 

35 the transverse direction (ID) orientation is conducted at about 300°F. 
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Hie resultant 1.3 mil itiulti-layer film eidiibits a smooth and lustrous 
appearance. 

pgyiPARMTVE EXAMPLE 3 
5 Ihe film ccBrposition, and its production, was as in CJcmparative 
Example 2 except that the skin layer mixture contained 1000 ppn\ 
amorphous silica. 

OOIIPARATIVE EXAMPIE 4 
10 Ihe films coirposition, and its production/ was an in Oonparative 
Exaitple 3 except that the skin layer mixture polymer was an ethylene, 
l-butene, polypropylene terpolymer. 

EXAMPLE 5 

15 A mixture of 90 percent by wei^t isotactic polypropylene (MP = 
320°F. , melt index = 3) , containing 8 percent fcy wei^t PBT (MP = 
440°F. ) as the core layer void-initiating material and 2 percent 
by wei^t lamellcir graphite, is melted in an extruder with a screw of 
L/D ratio of 20/1 to provide the core layer mixture. Ihe lamellar 

20 graphite was enployed for its beneficial effect on reduced li^t 
transmission and overall film appearance and has no effect on the 
coefficient of friction, of the outer surface of the skin layers of the 
resultant film. A second and third extruder, in association with the 
first extruder, are each si;^3plied with the same isotactic 

25 polyprcpylene (without PBT or graphite) as the first extruder, but 
each containing titanium dioxide particles at 4 percent by wei^t, 
about 1200 ppm of Armostat 410 (trade mark) , an araine-based antistatic 
material; and about 1200 ppm of erucamide, by weic^t. Ihe titaniijm 
dioxide particles are eicployed as a contact vAoitener for this 

30 intermediate layer mixture. A fourth extruder, in association with 
the first three extruders, is stjjplied with the same isotactic 
polypropylene as the second extruder but without titanium dioxide 
particles, Armostat 410, or erucamide, this extruder being xased to 
provide the skin layer mixture. A melt coextrusion is carried out 

35 vAiile maintaining the cylinder of the core polymer material at a 
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tenperatxnre sufficient to melt the polymer mixture, i.e., frcm 450°F. 
to 550°F. Die polypropylene mixture of the second and thirti 
extruders to be extruded as intermeddLate layers is maintained at about 
the Fr'TTipi tenperature as the polypropylene used in fabricating the core 

5 layer, as is the mixture beii^ used to form the skin layers. Hie 
mixture of the fourth extruder is split into two streams to enable the 
formatian of skin layers on each surface of the intermediate layers. 
A five-layer fiiTn laminate was coextruded. with a core thickness 
r^resenting about 75 percent of the overall extruded thickness, with 

10 the thicknesses of the intermediate layers representing about 20 
percent and the skin layers representing about 5 percent of the film 
thickness. Die unoriented film measured abaat 40 mils in thickness. 

The resultant film was subsequently oriented ei^it by five and 
15 one-half t i^ng"^ using a ccBtm^cially available sequential biaxially 
orienting apparatus to provide a multi-layer film stnocture. Ihe 
machine direction (MD) orientation is conducted at about 285°F. and 
the transverse direction (TO) orientation is conducted at about 300°F. 
The resultant 1.2 mil multi-layer film exhibits a lustrous appearance. 

20 

Ihe films produced in the five EScai^les were tested. Li^t 
transmission,, gloss, coefficient of friction (CX)F) , optical thickness 
and film density were measured. Results obtained are presented in 
TaBLE 1, below. 

25 

TART.F. 1 
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Li^t 
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69 
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0.80 
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It will be observed that the film produced in accordanoe with the 
present invention eidiibits the hi^ily desirable property of reduced 
surface coefficient of friction, even Icwer than a film having 
TiO -containing skin layers and greatly reduced li^t transmission. 

5 

CXaiPARATIVE EXAMPLE 6 
A mixture of 92 percent by wei^t isotactic polypropylene (MP = 
320°F. , nelt index = 3) , containing 8 percent by weicflit PBT (MP = 
440°F.) as the core layer void-initiating material, is melted in an 

10 extruder with a screw of L/D ratio of 20/1 to provide the core layer 
mixture. A second extnader, in association with the first extruder, 
is supplied with the same isotactic polypropylene (without PBT) as the 
first extruder, this extruder ijsed to provide the skin layer mixture. 
A mslt coexfcrusion is carried out Tdiile maintaining the cylinder of 

15 the core polymer material at a teirperature sufficient to melt the 
polymer mixture, i.e., from 450°F. to 550°F. Hbe polypropylene 
mixture of the second extruder to be used to form the skin layers is 
maintained at about the same tenperature as the polypropylene ixsed in 
fabricating the core layer. The mixture of the second extruder is 

20 split into two streams to enable the formation of skin layers on each 
surface of the core layer. 

A three-layer film laminate was coextruded with a core thickness 
representing about 80 percent of the overall extruded thickness, with 

25 the thicknesses of the skin layers representing about 20 percent of 
the film thickness. Uie resultant film was subsequently oriented 
ei^t by five and three-quarter times using a cammercially available 
sequential biaxially orienting apparatus to provide a multi-layer film 
structure. Ihe machine direction (MD) orientation is conducted at 

30 about 285°F- and the transverse direction (ID) orientation is 
conducted at about 300°F. The resultant multi-layer film esdiibits a 
lustrous, vSiite appearance and the following properties. 

35 
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Optical gage (measured throu^ micaroscope) 
Poly gage (Polypropylene equivalent.) 
Deaisity 

lii^it transmission 



22% 



22.4;xin 
0.62 g/cc 



33A£m 



10 



15 



20 



25 



30 



Hie degree of cavitation is indicated by film density, in g/cc, 
as calculated by dividing the wei^t of one square meter of film 
ty the optical gage (fm) • 

EXAMPLE 7 

Hiis exanple deononstrates the effect on 3J.ght transndssion v*ien 
1 aTnp^l 1 ar- graphite is added to the core miscfcure. 

A mixture of 90 percent by wei^t isotactic polypropylene (MP = 
320°F. , melt iixiex = 3) , containing 8 percent ty wei^t PET (MP = 
440°F.), as the core layer void-initiating material, and 2 percent 
by weight lamellar graphite, is melted in an extruder with a screw of 
L/D ratio of 20/1 to provide the core layer ndxture. A second 
extruder, in association vdth the first extruder, is sx^plied with the 
same isotactic polypropylene (without PBT) as the first extruder and 
about 1500 ppm of a finely divided silica antiblocldLng agent, this 
extruder lased to provide the skin layer mixture. A melt coextnasion 
is carried out while maintaining the cylinder of the core polymer 
material at a tenperature sufficient to melt the polymer mixture, 
i.e. , from 450°F. to 550°F. T3ie polypropylene mixtures of the second 
extruder to be used to form the skin layers is maintained at about the 
same temperature as the polypropylene used in fabricating the core 
layer. IhB mixture of the second extruder is split into two streams 
to enable the formation of skin layers on each surface of the core 
layer. 

A three-layer film laminate was coextruded with a core thickness again 
representing about 80 percent of the overall extruded thickness, with 
the thicknesses of the skin layers representing about 20 peroent of 
the film thickness. Uie resultant film was subsequently oriented 
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wei^t by five and three-quarter times using a cxanmercially available 
sequential biaxially orienting apparatus to provide a multi-layer film 
structure. The machine direction (MD) orientation is conducted at 
about 285°F. and the transverse direction (ID) orientation is 
5 coreaucted at about 300°F. Ihe resultant multi-layer film ejdiibits a 
pleasing, silvery appearance, not unlike aluminum foil, but containing 
no metal additive. Hie properties of the film so produced were as 
follows. 

Optical gage - 35.5;im 

10 - Poly gage : 22.3/xm 

Density : 0-56 g/cc 

Li^t transmission : 1.25% 

Additionally the film of this exaiiple provides a very hi^ 

15 barrier in the visible to the ultra violet li^t range and is 

acceptable for vise as a low density pacikaging material for 
processing on printing presses and pacikaging machines. 

FyAMF>TJR R 

20 This Exanple demonstrates the effect of reduced cavitation, adiieved 
throu^ a reduction in maciiine direction orientation, on film 
properties. 



25 



Ihe film conposition, and its production, was as in Exanple 7. 



A three-layer film laminate VTas coextruded with a core thickness again 
representing about 80 percent of the overall extnided thickness, with 
the thicknesses of the sikin layers representing about 20 percent of 
the film thickness. Hie resultant film was subsequently oriented 

30 ei^t by about five and one-third times using a commercially available 
sequential biaxially orienting apparatus to provide a multi-layer film 
structure. The machine direction (MD) orientation is conducted at 
about 290°F. and the transverse direction (TD) orientation is 
conducted at about 300°F. The resultant multi-layer film erfiibits an 

35 appearance vAiich is darker, less attractive than the silvery 
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appearance of the film of Exanple 7. This is due to the reduction in 
vdiiteness and cpacily viiich results from the reduction in cavitation. 
Other properties of the film are as follows. 



Poly gage 
Optical gage 
Density 

Li^t transmission 



22.3tm 
34im 

0.62 g/oc 
2% 



EXAMPLE 9 

10 Hiis Exaitple demonstrates that the level of vSiiteness lost throu^ 
reduced cavitation, can be recovered throu^ the vise of a vdiitening 
agent. 

The film conposition, and its producticai, v/as as in Exaitple 7 except 
15 that the skin layer mixture contained 4 percent by wei^t titanium 
dioxide but not silica. 

A three— layer film, laminate was ooextruded with a core thickness 
r^sresenting about 80 percent of the overall extruded thickness, with 

20 the thicknesses of the skin layers representing about 20 percent of 
the filmT" thickness. "Hie resultant film was subsequently oriented 
ei^t by about five and .one-thixd times using a coraraercially available 
sequential biaxially orienting apparatus to provide a multi-layer film 
structure. The machine direction (MD) orientation is conducted at 

25 about 290°F. and the transverse direction (ID) orientation is 
corjducted at about 300°F. The resultant multi-layer film esdiibits a 
pleasing,^ silvery appearance, essentially equivalent to that of the 
film of Exanple 2, with a lifter appearance than the film of Exanple 
2, and a much lifter appearance than the film of Exanple 3. The 

30 properties of the film so produced are as follows: 



optical gage 
Poly gage 
Density 

Xiight transmission 



33^011 
22.4;mi 
0.62 g/cc 
2-2% 



35 
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E?CaMPLE 10 

Hie film of this Example demons tra tes the effect of adding 
encapsulating skin layers to the film structure of Exanple 9 to form a 
five-layer structure. 

5 

A mixture of 90 percent by wei^t isotactic polypropylene (MP = 
320°F. , melt index = 3) , containing 8 percent by v/ei^t PBT (MP = 
440°F. ) , as the core layer void-initiating material, and 2 percent 
by wei^t lamellar graphite, is melted in an extruder with a screwof 

10 L/D ratio of 20/1 to provide the core layer mixture. A second and 
third extruder, in association with the first extruder, are each 
supplied with the same isotactic polyprcpylene (without PBT) as the 
first extxuder, containing 4 percent by weicfit titanium dioxide 
particles for the interroediate layer mixture. A fourth extruder, in 

15 association with the first three extruders, is SL^jplied with the same 
isotactic polypropylene, without titanium dioxide, to provide the skin 
layer mixture- A melt coextrusion is carried out vAiile maintaining 
the cylinder of the core polymer material at a teirperature sufficient 
to xaelt the polymer mixture, i.e., from 450°F. to 550°F. Hie 

20 polypropylene mixtures to be extruded as intermediate layers are 
maintained at about the same tenperature as the polypropylene used in 
fabricating the core layer, as is the mixture being used for the skin 
layers. The mixture of the fourth extruder is split into two streams 
to enable the formation of skin layers on each surface of the 

25 interroediate layers. 

A five-layer film laminate was coextruded with a core thickness 
r^resenting about 75 percent of the overall extruded thicJcness, with 
the thicknesses of the intermediate layers representing about 20 

30 percent and the skin layers representing about 5 percent of the film 
thickness. As in Exanple 9, the resultant film sheet was oriented 
ei^t by five and one-third times using a commercially available 
sequential biaxially orienting apparatus to provide a multi-layer film 
structure. The machine direction (MD) orientation is conducted at 

35 about 290°F. and the transverse direction (TD) orientation is 
conducted at about 300°F. Hie resultant multi-layer film erfiibits a 
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smooth and lustxous appearance and eidiibits the following properties. 



Optical gage : 33;fln 

Poly gage : 22.4/fln 

Density : 0.62 g/cx2 

5 Li^t transmission : 2.2% 



EXAMPLE 11 

Itiis Exanple dencnstrates the effect of a reduction in cavitation on 
film properties, achieved throxi^ a reduction in machine direction 
10 carientation. 

T3ie film conposition, and its production, was as in Exanple 10. 

resultant film sheet was oriented ei^t by four and three-quarter 
15 times xjsing a caranercially available sequential biaxially orienting 
apparatus to provide a multi-layer film structure. The machine 
direction (MD) orientation is conducted at about 295°F. and the 
transverse direction (TO) orientation is conducted at about 300°F. 
Hie. resultant multi-layer film exhibits a smooth and liastrous 
20 appearance and exhibits the following properties. 



Optical gage : 31fm 

Polygage : 23.3;xm 

Density : 0.7 g/cc 

25 Li^t transmission : 3.8% 



EXaMPIiE 12 

Hiis Exanple demonstrates the effect of substituting a terpolymer for 
isotactic polypropylene to form the encapsulating sikin layers of the 
30 multi-layer structure. 

The film ccatposition, and its production, was as in Exanple 10 except 
that the sikin layer mixture was an ethylene, l-tutene, polypropylene 
terpolyinsr, instead of isotactic polypropylene, together with 1500 ppm 
35 of a finely divided silica antiblock agent. A five-layer film 
laminate is coextruded with a core thickness representing about 75 
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percent of the overall extruded thickness, with the thicOoiesses of the 
intermediate layers r^resenting about 20 percent and the skin layers 
representing about 5 percent of the film thicJaiess. Hie resultant 
film vras subsequently oriented ei^t by four and three-quarter times 

5 using a caminercially available sequential biaxially orienting 
apparatus to provide a multi-layer film structure. Hie machine 
direction (MD) orientation is conducted at about 295°F. and the 
transverse direction (TD) orientation is conducted at about 300°F. 
Olie resultant multi-layer film esdiibits the same appearance as the 

10 film produced in Exairple 10, with somewhat lower gloss. Properties 
determined for the film are as follows. 



Optical gage : BO/an 

Polygage : 23fm 

Density : (q^ I g/ 

15 Li^it transmission : 4.0% 

Coefficient of friction : 0.80 



As indicated, the film of this exarople has a terpolymer skin with 
antiblodk for reducing surface friction. This film is most 
20 suitable for coatiiyg after corona or flame treatment vdth a 
primer and subsequently with acrylic or polyvinylidene chloride 
to yield good machinability, sealabilit/ with good seal strength 
and hot tack properties. 

25 EXAMPLE 13 

Biis Exaitple demonstrates that the use of a migratory slip agent and a 
migratory antistatic agent in the intermediate layer blend reduces 
surface coefficient of friction characteristics. 

30 The film caii?»sition, and its production, was as in Exaitple 12 except 
that the intermediate layer mixture was as in Exaitple 5. 

A. five-layer film laminate was coextruded with a core thickness 
representing about 75 percent of the overall extruded thidkness, with 
35 the thicQcnesses of the intentiediate layers representiiig atout 20 
percent and the sikin layers representing about 5 percent of the film 
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thicOCTiess. The resultant film was subseguently oriented ei^t by four 
and three-quarter times iising a cxsnmercially available sequential 
biaxially orienting apparatus to provide a multi-layer film strucrture. 
Bie machine direction (MD) orientation is cxanducted at about 295 F. 
ani the transverse direction (TD) orientation is conducted at about 
300°F. Hie resultant multi-layer film ejdiibits the same appearance as 
the film of Exanple 12, with the following properties. 



Optical gage 
Polygage 
10 Density 

lii^t transmission 
Coefficient of friction 



30fm 
23fm 

0.71 g/oc 
4,0% 

* 

0.35 



* Measured after one week of aging to permit migration. 

EXfiMPIE 14 

7^ -iff Exanple demonstrates that effect of an increase in film thickness 
on the prcperties of a multi-layer film similar to the film of Exauple 
13 in other respects. 



A five-layer film laminate, prepared in accordance with Exaitple 13 was 
coextruded to achieve an overall thicker film, again with a core 
thickness representing about 75 percent of the overall extruded 
thickness, with the thicknesses of the intermediate layers 
25 r^xresenting about 20 percent and the sJcin - layers representing about 5 
percent of the film thickness. Hie resultant nailti-layer film 
exhibited the following properties. 



Optical gage 
Polygage 
30 Density 

Li^t transmission 



54Mm 
38.5Ann 
0.7 g/oc 
0.2% 



Hie coefficient of friction of this film is also about 0.35 after 
a weeik of storage for migration. 
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As may be appreciated by those sJcilled in the art, the above exairples 
illijstrate: the value of graphite added to a vAiite cavitated core to 
produce a hi^ opacity film; the effect of the degree of cavitation on 
opacity and film appearance; that reduced cavitation inproves films 

5 itadiinability in HFES and VFFS packaging machines and iirproves film 
handling and reduces the damage due to handling; that reduced 
cavitation malces viiite opaque film less opaque and graphite pigmented 
cpaque film darker arxi unpleasant in appearance; that the addition of 
TiO- will offset the darkening effect to preserve the good appearance 

10 of the film; that adding ocpolymer outer sikins in a five layer 
structure will inprove the scalability of the film v4ien coated with 
acrylic on PvDC and the "soft" EP copolymer or terpolymer layer will 
reduce the core to skin layer delamination and also iirprove hot tack; 
adding migratory slip and antistatic agents in the intermediate layers 

15 will produce migration to the surface and reduce COF to a level on the 
order of 0.35. 



20 



25 



30 



35 
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CLftlMS 



1. An opaque, biaxially oriented, polymeric film structure viiich 
ccBiprises at least three layers, there being : 

5 (a) a voided core layer canprising a matrix of (i) a 

thermoplastic polymeric material in vAiicti are dispersed (ii) 
"* \/fiJ^ (^^p»VDid-initiating solid particles viiich are phase-distinct from the 
tfie<-h.^f/*»^-^= f ^ thermoplastic polymeric material of the matrix and about vdiich 
st*,"^^^^Z^Kt^ particles are located opaci^ing voids; 

10 (b) a non-voided layer canfirising a thermoplastic polymeric 

material adherent to one side of the core layer (a) ; and a third layer 
vftiich may either be : 

(b') a layer c uuipt ising a thermcplastic polymeric mate ria l and 
adherent to the other side of the core layer (a) ; or may be : 
IS (c) a skin layer conprising a thermoplastic polymeric m a t e r i al 

and adherent to intermediate layer b) , the skin layer being thick 
enou^ to prevent the asperities of the core layer frcm being 
manifest; 
and vtierein: 

20 1) (a) ccnprises a li^t absorbing lamellar pigment; and/or 

2) vftiere the tiiird layer is (c) , (b) caiprises a xaigratory slip 

agent and a migratory antistatic agent. 

2. A film structure according to claim 1 vtfierein the li^t 
25 transmission of the film is less than 10% and the degree of 

orientation is less than 10 TOO by less than 6 MDO. 

3. A film structure aocc a .ding to claim 1 or 2 vSierein the matrix (i) 
cortprises a polyolefin. 

30 

4. A film structure according to claim 3 v*ierein the polyolefin 
conprises isotactic polypropylene. 



BNSDOCID: <WO 9304860A1 I > 



SUBSTITUTE SHEET 



wo 93/04860 



PCT/EP92/02074 



- 33 - 

5. A film structure according to any preceding claim viierein 
the void-initiating particles (ii) are substantially spherical. 

6. A film structure according to any preceding claim vhec&in the 
5 void-initiating particles (ii) conprise polybutylene terephthalate. 

7. A film structure according to any preceding claim vftierein layer 
(b) corprises a polyoiefin. 

10 8. A film structure according to claim 7 vftierein the polyoiefin 

corrprises isotactic polypropylene. 

9. A film structure according to any preceding claim wherein layer 
(b) contains from 2 to 6 perceait by wei^t of titanium dioxide. 

15 

10. A film structure according to any preceding claim vrtierein skin 
layer (c) conprises a polyoiefin. 

11. A film structure according to claim 10 vAierein the polyoiefin 
20 ocsnprises a homqpolyiner of propylene; a linear low densitT^r 

polyethylene; a hi^ density polyethylene; a random or block copolymer 
of propylene and ethylene; a terpolymer of ethylene, propylene and 
butene or a mixture thereof. 

25 12. A film structure according to any preceding claim vdierein the 

skin layer conprises a heat sealable material. 

13. A film structure according to claim lo, ii or 22 vJierein the skin 
layer conprises a terpolymer of ethylene, propylene and 1-butene. 

30 

14. A film structure according to any preceding claim vdierein the 
skin layer contains an antiblocking agent. 



35 
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15. A film structure acxxamding" to any preceding claim conprrisirjg 
layers (a), (b) and (c) and further ccar^jrising (b') a second 
non-voided layer cm i ip rising a thermoplastic polymeric material and 
adherent to the other side of the core layer (a) and containing vsp to 

5 12 percent by wei^t of titanium dioxide. 

16. A film structure according to any of claims 1 to 14 ccatprising 
layers Ca), (b) and (b') and further ccirprising (c) a non-voided skin 
layer oonprising a themoplastic polymeric mate r ia l amd adherent to 

10 inbemediate layer (b) , the skin layer being thick enou^ to prevent 
the asperities of the core layer from being manifest. 

17. A film structure according to any preceding claim and further 
ccBiprising (C) a seconci non-voided skin layer coitprising a 

15 thermoplastic polymeric material and adherent to inter m edia t e layer 
(b' ) , the skin layer being thicGc enou^ to prevent the asperities of 
the core layer from being manifest. 

18. A film structure according to claim 17 vAierein the skin layer 
20 (C) is free frcam titanium dioxide. 

19. A film structure according to any of claims 15 to 18 vdierein (b') 
or (c') can be as defined for (b) or (c) , respectively, in any of 
claims 1 to 14. 

25 



30 



35 
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